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TOUCH SENSITIVE NAVIGATION SURFACES FOR MOBILE 
TELECOMMUNICATION SYSTEMS 



Technical Field 

The present invention relates generally to touch sensitive surfaces and deals 
more particularly with providing a touch sensitive navigational surface as a user 
interface and more specifically for a communication device. 

Background of the Invention 

Communication devices such as for example, cellular phones and mobile 
radiophones typically have mechanical or contact switches for a keypad to dial a 
phone number or as function keys to access features or other capabilities of the 
communication device. Additionally, such devices typically have a carbon or 
electret microphone and a miniature voice coil or piezoelectric or other such type 
speaker to convert audio signals to electrical signals or to convert electrical signals 
to audio, respectively. Likewise, separate switches such as roller switches or 
directional switches are typically provided to scroll a menu or selection functions, 
i.e. phone number lists, volume increase/decrease, ringing tones, and the like, 
presented on a display screen of the communication device. Although touch screen 
technology can function as a user-interface by allowing a user to "touch" an area of 
the screen to choose a desired one of a number of preprogrammed possible 
selections, such technology is limited to display screens only. 

It would be desirable therefore to provide a communication device having 
"touch" sensitive surfaces that function as a sensor, microphone or speaker to 
replace the various discrete individual components performing the corresponding 
functions in current communication devices and to enhance the operation of the 
device. 
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Summary of the Invention 

An object of the invention is to provide a method and related apparatus for a 
new sensor system for communication devices using an electromechanical dielectric 
(EMD) film coextensive with at least a portion of the surface of the device. 
5 A further object of the invention is to provide a touch sensitive navigational 

surface as a user interface for a communication device. 

Another object of the invention is to provide a communication device in 
which any surface of the device can be made to act as sensor, microphone or 
speaker. 

10 Yet another object of the invention is to provide a conmiunication device 

wherein the sensors are integrated with the physical structural components of the 
communication device by injection molding. 

Further objects of the invention will become apparent in the following 
specification wherein the detailed description is provided for purposes of disclosing 

15 the invention without placing limitations thereon. 

In a first aspect of the invention, a method for providing a sensor system in a 
communication device is presented. The method includes the steps of: providing an 
electromechanical dielectric (EMD) film integral with the surface of the cover of the 
communication device; providing one or more open areas in the outer surface 

20 regions in the cover for accessing the EMD film wherein the open area corresponds 
to the operational function to be implemented; and coupling the EMD film in each 
of the exposed regions to electronic circuit means associated with the corresponding 
operational function of the communication device. 

Preferably, the step of providing one or more voided or open areas in the 

25 outer surface region includes providing one or more open areas in the inner surface 
region of the cover in those areas where the EMD film requires unobstructed 
movement to perform the desired operational function of transforming an acoustic 
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signal to a corresponding electrical signal and transforming an electrical signal to a 
corresponding acoustic signal. 

Preferably, the method further includes the step of providing a display in one 
of the voided areas with the rear surface of the display facing and in contact with the 
5 surface of the EMD film. 

Preferably, the step of providing the EMD film integral with the surface of 
the cover includes the step of injection molding the cover with the EMD film. 

In a second aspect of the invention, a communication device embodying the 
invention is presented. The communication device includes an electromechanical 
10 (EMD) film coextensive with at least a portion of the surface of the cover of the 
communication device; one or more voided or open areas in the outer surface 
regions in the cover for accessing a portion of the EMD film wherein a given voided 
area in the surface of the cover corresponds to the operational function to be 
implemented; electronic circuit means coupled to the EMD film for sensing 
15 electrical signals generated by the EMD film in response to a force applied to the 
surface and for displacing the surface of the EMD film with respect to a plane of the 
surface of the cover in response to electrical signals generated by the electronic 
circuit means. 

Preferably, the EMD film functions as a speaker. 
20 Preferably, the EMD film functions as a microphone. 

Preferably, the EMD film functions as a keypad. 

Preferably, the communication device further includes a display in contact 
with the EMD film whereby the EMD film is responsive to sensing the direction of 
touching on the surface of the display. 
25 In a further aspect of the invention, a portable, handheld communication 

device of the type having means for establishing a communication link between itself 
and a remote communication device is presented and includes a case having at least 
a first portion molded from material responsive to displacement for generating an 
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electric signal, and at least a second portion molded from material responsive to 
electric signals for displacement of said material proportional to the magnitude of 
the electrical signal. 

Preferably, the first portion and the second portion are molded from 
5 electromechanical dielectric (EMD) film, and the EMD film is coextensive with at 
least a portion of the surface of the case. 

Preferably, the communication device further includes security means for 
controlling access limiting call completion to an authorized user. 

Preferably, the security means includes at least a portion of the EMD film 
10 configured as a fingerprint recognition system. 

In a yet further aspect of the invention, a method for providing touch- 
sensitive surface functionality in a conventional communication device is presented. 
The method includes the steps of: providing an electromechanical dielectric (EMD) 
film with a first major surface having adhesion properties; placing the first adhesion 
15 major surface in contact with a desired location of a surface of the communication 
device; and coupling the EMD film to electronic circuit means associated with the 
corresponding operational function of the communication device. 

Preferably, the method includes the steps of providing an EMD film with a 
second major surface disposed opposite the first major surface and having adhesion 
20 properties and locating the EMD film between the cover of the device and a display 
screen of the device, whereby the EMD film holds the display in place to provide a 
touch-sensitive screen. 

Preferably, the method further includes the steps of: providing an EMD film 
with a second major surface disposed opposite the first major surface; providing a 
25 flexible protective layer on the second major surface; and attaching the adhesion 
major surface of the EMD film to a desired location on the surface of the device, 
whereby the protective layer faces outward for touching contact by a user. 
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In a still further aspect of the invention, a conventional communication 
device having touch-sensitive surface functionality is presented. The 
communication device includes an electromechanical dielectric (EMD) film with a 
first major surface having adhesion properties and a second major surface oppositely 
disposed the first major surface, whereby the adhesion major surface holds the 
EMD film in contact with a desired location on the surface of the communication 
device, and means for coupling the EMD fihn to electronic circuit means associated 
with the corresponding operational function of the communication device. 

Preferably, the communication device further includes the EMD film second 
major surface having adhesion properties and a display in contact with and held by 
the EMD film second major surface. 

Preferably, the communication device further includes the EMD film second 
major surface having a flexible protective layer. 

Brief Description of the Drawings 

Fig. 1 is a cross-sectional view of the structure of the electromechanical 
dielectric (EMD) film used with the present invention; 

Fig. 2 is a representation of an electron microscope photo of a cross-section 
of the structure of the EMD film; 

Fig. 3 is a schematic representation of a cellular phone embodying the sensor 
system of the present invention; 

Fig. 4 is a schematic cross sectional view of the EMD film supported for use 
as a sensor; 

Fig. 5 is a schematic cross sectional view of the EMD film supported for use 
as a keypad; 

Fig. 6 is a schematic cross-sectional view of the EMD film and display for 
use as a touch sensitive screen; 
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Fig. 7 is a schematic cross section view of the EMD film supported for use 
as a microphone or a speaker; 

Fig. 8 is a schematic representation of a cellular phone having security 
access embodying the sensor system of the present invention. 

5 

Detailed Description of Preferred Embodiments 

Turning now to the drawings and considering the invention in further detail, 
an electromechanical dielectric (EMD) film is illustrated schematically in cross- 
sectional view in Fig, 1 and is generally designated 10, The EMD film 10 is a foil 

10 like and flexible polymer film with a permanent electric charge. When a mechanical 
or acoustic force is applied to the surface, the EMD film generates a voltage that 
can be detected. Therefore the EMD film functions as sensor in this configuration. 
The EMD film also works in the opposite direction that is, converting an applied 
electrical potential to displace the film relative to the plane of the surface. 

15 Therefore, the EMD film functions as an actuator in this configuration. 

Still referring to Fig. 1, the EMD film 10 is made of a thin (about 0.50 /xm) 
biaxial-oriented polypropylene 12. The biaxial orientation and special additives 
produce many small flat bubbles 14 in the material and these bubbles give the EMD 
film its properties. A permanent electric charge is injected into the EMD material 

20 during the manufacturing process. Thin metal electrodes 16, 18 are evaporated or 
laminated on both surfaces 20, 22 of the film to complete the EMD structure. Fig, 2 
shows a representation of an electron microscope photo of a cross section of the 
EMD film structure. Further details on the construction and principles of operation 
of the EMD film may be had from literature commonly available in the art and from 

25 US Patent No. 4,654,546 entitled, "Electromechanical Film and Procedure for 
Manufacturing Same." The electromechanical dielectric film such as that used in 
the present invention is available commercially under the trade name "EMFi™". 
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Turning now to Fig. 3, a schematic representation of a cellular phone 
embodying the sensor system of the present invention is illustrated therein and is 
generally designated 50. The cellular phone 50 is conventional in appearance in the 
illustration in Fig. 3 and includes a case 52 typically molded of a thermoplastic 
polymer material or other materials now known or future developed for use in such 
applications. An alphanumeric keypad 54 is provided as a user interface for 
example, for inputting phone numbers to be dialed, inputting alphanumeric 
characters into a memory for subsequent retrieval, accessing functions of the 
cellular phone and for other such operations typically well known to those in the 
cellular phone art. Additional keys or buttons 56 corresponding to additional 
features of the cellular phone may also be present. The microphone is located in the 
region designated 58 to receive and convert audio signals, such as speech, into 
corresponding electrical signals for use with the cellular phone. An earpiece is 
located in the region 60 to convert electrical signals received and processed in the 
cellular phone to audio signals such as speech for communicating with the user. A 
display generally designated 62, shows typical messages and graphics associated 
with cellular phone operation, such as the number dialed, menu functions, text 
messages, and other such graphics as is commonly known in the cellular telephone 
art. The EMD film must be solidly supported along one major face side when it is 
used as a sensor because it is so thin (approximately 50 fim), it would deflect and 
not respond to light touches or forces applied to its opposite unsupported side. 
Additionally, a sensor built from the EMD film would be extremely light and not 
add weight or bulk to a communication device. As will become more apparent 
below, the keypad, microphone, speaker and display functions can be implemented 
utilizing the EMD film with corresponding electrical circuitry of the cellular phone 
to perform the intended functions. 

Fig. 4 is a schematic cross-sectional fragmentary view of the EMD film 
supported for use as a sensor in accordance with the present invention. In the 
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illustrated example, the EMD film generally designated 100, is shown supported by 
the surface 104 formed by the relief area 106 formed in the case or cover 102. A 
force such as a touching force applied in the direction 108 causes the outer surface 
110 of the EMD film 100 to move slightly in the direction 108, The support surface 
5 104 of the relief area 106 prevents flexing or movement of the bottom side 112 of 
the EMD film thus the film can be compressed or deformed when touched to 
generate a corresponding electrical signal, A thin flexible protective polymer layer 
114 covers the surface 110 of the EMD film and the surface 116 of the cover 102. 
Although the relief support area is somewhat exaggerated in the figures for purposes 

10 of description, in actuality the EMD film is substantially thinner than the thickness 
of the cover and is readily integrated as part of the surface of the cover. 

The EMD film can be electrically coupled to a resistive ladder network to 
provide increasing and decreasing in accordance with the direction of touching on 
the surface of the cover. Such a ladder network might be used for example as a 

15 volume control for the audio in the form of speech or in the form of ringing tones, 
response verification tones and the like. Another application could be to increase or 
decrease the illumination of a display screen keypad, or other selection key. 

One method of manufacturing an integrated EMD film coextensive with the 
surface of a case or cover made from a plastic, polymer or other such material is to 

20 use a multi-component injection molding process. The injection molding process 
can be used to provide a touch-sensitive surface area of the cover. In the multi- 
component injection molding process, the first step is to injection mold the hard 
portion of the cover which provides the support surface for the EMD film in a 
sensor application. The next step is to place the EMD film into the mold in an 

25 orientation such that the EMD film is in contact with its support surface in the 
molded cover. Next, the outer surface portion of the case is molded using a soft 
elastomer or other hard polymer to cover the hard part of the cover and the EMD 
film to form an integral unit. Manufacturing the case in this manner provides a 
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continuous touch-sensitive surface that can be coupled to electrical circuitry within 
the phone as required. 

Fig. 5 is a schematic cross-sectional view of the EMD film supported for use 
as a keypad and is similar to the illustration in Fig. 4. In Fig. 5, tactile domes 120 
corresponding to each location of a key is placed on the surface 122 of the EMD 
film 124. The dome 120 provides tactile feedback to a user when the key is pushed. 
As can be seen from the illustration, the domes 120 contact the surface 122 of the 
EMD film 124 in the region 126 below the tactile dome, which force F applied by 
the dome 120 in the direction of arrow 128 causes an electrical signal to be 
generated by the EMD film. The region of the EMD film beneath the dome 120 is 
coupled to electronic circuit means that detect the electrical signal when the key is 
pressed and transforms the signal to the proper information corresponding to the key 
pushed by the user. In the multi-component injection molding process, the EMD 
film and the domes are inserted into the mold in contact with the support area in an 
orientation so that the back of the EMD film is against the support surface and the 
domes face outward. The final stage of the injection molding covers the surface and 
domes with a soft elastomer or other hard polymer to form an integral unit of the 
keypad and cover. Domes providing tactile feedback are well known to those 
skilled in the art. The domes may be of any known or fixture developed type to 
achieve the intended function. The domes may further be carried by a protective 
polymer sheet or may be overlaid by a protective flexible laminate well know to 
those in the keypad art. Alternately, the final stage of injection molding may 
include applying the proper alphanumeric indicia to the corresponding locations of 
the covering elastomer or polymer. 

In alternate embodiments, the EMD film can be configured as the desired 
functional component, that is, a keypad, microphone, speaker, touch sensor, and the 
like, in the electronic device without injection molding. 
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Turning now to Fig. 6, a schematic cross-sectional view of a touch sensitive 
screen for use in a communication device is illustrated therein and generally 
designated 200. The case 202 has a support surface 204 formed by the relief area 
206 sized and shaped in the cover to mount a typical display 208 used with a cellular 
phone. The display 208 is generally held in place by means of adhesive tape 
between the bottom side 210 of the display and the surface 204 of the relief area 
206. In the embodiment shown in Fig. 6, the EMD film 212 has its oppositely 
disposed surfaces 214 and 216, respectively, modified to provide high adhesion 
between the surface 204 of the relief area 206 of the cover and the back surface 218 
of the display screen 208. A glue or other adhesive suitable for use with the 
polymer or other material of the cover and the display is selected to provide 
maximum adhesion between the EMD film surface 216 and the surface 204 and the 
back surface 218 of the display so that all movements along the surface 220 of the 
display 208 are transferred to and sensed by the EMD film 212. A thin flexible 
protective polymer layer 222 may overlay the surface 220 of the display 208 and the 
surface 224 of the cover 202. Construction of a touch sensitive screen in this 
maimer has high reliability because dirt, water and other harmful substances cannot 
enter behind and interfere with the operation of the display screen 208. 

Turning now to Fig. 7, a schematic cross-sectional view of the EMD film 
supported for use as a microphone or speaker is illustrated therein and generally 
designated 250. The cover 252, is open or voided, that is, there is an absence of 
material forming the cover in the areas 254, 256 disposed oppositely on the outer 
side 258 and inner side 260 of the cover 252. The outer side 258 is the surface 
portion of the cover molded from a soft elastomer or other hard polymer as 
described above. The EMD film 262 is supported along its peripheral edges 264 to 
allow the EMD film 262 to deflect or vibrate back and forth in a direction indicated 
by the arrow 266. The EMD film 262 functions as a microphone and generates an 
electrical signal having a magnitude and frequency corresponding to the acoustic 
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energy impinging on the surface 268 of the EMD film 262. The electrical signal is 
coupled from the metal electrodes on the surfaces of the EMD film to electronic 
circuitry via electrical conductors, printed circuit paths or other conductive means 
known to those skilled in the electrical arts. In a similar way, the EMD film 262 
5 can function as a speaker and deflect or vibrate back and forth displacing air in 
contact with the surface of the EMD film to produce acoustic energy having a 
magnitude and frequency corresponding to an electrical signal coupled to the EMD 
film from the electronic circuitry of the phone. A thin flexible protective polymer 
layer 270 may overlay the surface 268 of the EMD film and the surface 258 of the 

10 cover 252. The polymer layer 270 must be of sufficient flexibility to not dampen 
the movement of the EMD film. Alternately, the outer surface of the EMD film can 
be covered with a decorative material. 

Turning now to Fig. 8, a schematic representation of a cellular phone having 
security access embodying the sensor system of the invention is shown therein and is 

15 substantially similar to the cellular phone described in Fig. 3 and is generally 
designated 300. The cellular phone 300 includes a fmgerprint identification and 
verification platen 302. The control circuitry of the cellular phone can be 
programmed or configured to require placement of the finger of an authorized user 
to the platen 302 to gain initial access to the phone or to complete a call. The EMD 

20 film must be supported as described above for use as a sensor and a very thin 
polymer layer is used on the surface of the EMD film to achieve maximum 
sensitivity of the surface of the EMD film and to minimize any potential affect on 
accuracy of the fmgerprint recognition system. Fingerprints can be characterized by 
selecting a minimum number of indicia points corresponding to loops and ridges as 

25 well known to those in the fingerprint recognition art. In the present illustration, 
the user will initially place their finger on the platen in accordance with prompts 
shown on the cellular phone display. The fingerprint recognition system "learns" 
the fingerprint in this step and stores it in a memory means as an image or other 
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format for subsequent retrieval and comparison during the call access or completion 
operations. One or more users can be authorized to access and complete calls with 
the phone. Since the number of potential users is limited, the recognition process 
and matching time interval is very short and not inconvenient for a user. Additional 
safeguards can be employed such as a password used with the fingerprint 
recognition system. 

The display screens of currently known communications devices can also be 
made to have touch-sensitive screen capability and functionality. In this instance, 
the EMD film surfaces are suitably made to have adhesion properties similar to the 
adhesive tape used to hold the current displays in place in the communication 
device. The so-modified EMD film is substituted for the adhesive tape in the 
current devices to provide the touch-sensitive screen capability and functionality 
without modifying or changing the conventional construction and cover. Obviously, 
the electronics of the communication device are changed to accommodate connection 
to and operational functionality with the EMD film. 

Likewise, any surface of currently known communication devices can be 
made to have touch-sensitive capability and functionality without modifying or 
changing the conventional construction and cover of the device. In this instance, the 
EMD film has a protective flexible layer on one surface and an adhesive layer on its 
opposite surface to allow the EMD film to be adhesively attached to a surface of the 
device. The adhesive surface could be self-sticking and have a releasable cover over 
the adhesive. Again, the electronics of the communication device would be changed 
to accommodate connection to and operational functionality with the EMD film. 

A touch sensitive navigational surface for a communication device has been 
described above in several preferred embodiments. It will be recognized by those 
skilled in the art that numerous changes and modifications may be made without 
departing from the spirit and scope of the invention. For example, the surface of 
the cover may be made from different materials and not limited to materials that are 
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suitable for injection molding processes only. Therefore the invention has been 
disclosed by way of illustration and not limitation. 
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